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© Cloned DNA having enhancer activity, recombinant vector comprising the same and process for 
producing gene product using the same. 

© A recombinant vector by which a desired struc- 
tural gene may be expressed efficiently in mamma- 
lian cells cultured in serum-free or low-serum me- 
dium is disclosed. The recombinant vector of the 
present invention comprises a cloned DNA having an 
enhancer activity for fibronectin gene. 
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BACKGROUND OF THE INVENTION 

I. Field of the Invention 

This invention relates to a DNA having an en- 
hancer activity for fibronectin (hereinafter also re- 
ferred to as "FN") gene, which aids to efficiently 
express a structural gene in mammalian cells cul- 
tured in serum-free or low-serum medium. 

II. Description of the Related Art 

There are three types of processes commonly 
employed for the production of genetically engi- 
neered gene products, categorized by their using 
hosts; 1) the processes using bacteria such as 
Escherichia coli , 2) the processes using eumycetes 
such as yeast, 3) the processes using mammals or 
their cells. Whereas their large-scale productivity, 
the processes 1) and 2) have drawbacks in that (a) 
generally the gene products may not be secreted 
outside the cells, (b) the structure of the gene 
products originated from mammals may be 
changed, and (c) the glycosylation and/or 
phosphorylation of the gene products may be failed 
or incomplete; such modifications are intrinsic for 
the functions of the gene products originated from 
mammals. Therefore, for the production of the 
gene products originated from mammals, it is de- 
sired to employ mammalian cells. 

The processes 3) are grouped into those em- 
ploying mammalian individuals and those employ- 
ing mammalian cells. With the processes utilizing 
mammalian individuals, the gene products may ad- 
versely affect the hosts (i.e., individuals which pro- 
duce the desired gene products), and it is difficult 
to control the differences among the individuals. 
Thus, at present, the processes which utilize mam- 
malian cells are usually employed. 

For culturing mammalian cells for the purpose 
of producing a desired substance, the media con- 
taining a high concentration (5 - 20 vol%) of mam- 
malian serum are employed. The sera added to 
such media are expensive. Further, their qualities 
vary depending on the lot, so that the user must 
check the quality of the serum to be used. Thus, 
the cost concerning the serum to be added to the 
culture medium accounts for the major part of the 
culturing cost. Further, in collecting a gene product 
expressed in the mammalian cells or a metabolite 
thereof (the gene product and its metabolite are 
hereinafter collectively referred to as "substance"), 
the serum components make it difficult to purify 
the desired substance so as to increase the cost 
required for the purification of the substance. 

Thus, in the production of a substance utilizing 
cultured mammalian cells, to reduce the production 
cost, it is most effective to employ a serum-free 



medium or a medium containing serum at a very 
low concentration (i.e., 2.0 vol% or less) 
(hereinafter referred to as "low-serum medium)". 
However, there are many cells which do not adapt 

5 to the serum-free medium, and there are many 
genes which are not expressed with the decrease 
of the growth activities of the cells in a low-serum 
medium. Thus, problems exist in employing serum- 
free or low-serum media in practice. 

io Fibronectin (FN) which is a constituent of the 

extracellular matrix is very strongly expressed in 
normal type adhesive cells at quiescent period (the 
state at which the growth of the cells are inhibited 
by culturing the cells in a low-serum medium or by 

75 increasing the cell density so as to cause contact 
inhibition), and its expression is suppressed when 
the growth of the cells is initiated. The expression 
level of fibronectin depends on its activity of the 
regulatory gene (Hara et al., Gene 70, 97 (1988)). 

20 Therefore, by introducing a gene containing a clon- 
ed structural gene at a downstream region of the 
FN promoter, a cell line (transformant) may be 
established, which produce the gene product at a 
high level in a low-serum medium. 

25 FN promoters have been cloned from several 
mammalian cells including rat and human, and 
their primary structures (nucleotide sequences) 
have been determined (Patel et al., The EMBO 
Journal, Vol. 6, No. 9, 2565, 1987). 

30 However, these analyses are not complete. For 
example, the enhancer which is necessary for the 
expression of FN promoter remains unknown. Fur- 
ther, there is no report about the study of FN 
promoter aiming at applying the FN promoter to 

35 the production of a substance, except for Oda et 
al., Saibo Kogaku Bessatsu 4, p3, 1988, in which 
the possibility of using the FN promoter for the 
production of a substance is suggested. 

40 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to provide a DNA having enhancer activity, by 
which a substance may be produced at a high level 

45 in mammalian cells in a serum-free or low-serum 
medium, as well as to provide uses thereof. 

The present inventors intensively studied the 
cloning of the enhancer which functions under 
serum-free or low-serum condition. As a result, a 

so DNA having enhancer activity for FN gene was 
obtained, and it was discovered that a structural 
gene may be efficiently expressed by using the 
DNA and the promoter, thereby completing the 
present invention. 

55 That is, the present invention provides 1) a 

cloned DNA having an enhancer activity for 
fibronectin gene; 2) a recombinant vector compris- 
ing operably linked promoter, a structural gene and 
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said DNA of 1); and 3) a process for producing a 
gene product, comprising the step of culturing 
mammalian cells transformed with said recombin- 
ant vector of 2), and collecting the gene product 
produced by the expression of said structural gene. 

By the present invention, a DNA having an 
enhancer activity for FN gene was identified, sepa- 
rated and cloned, and a recombinant vector con- 
taining the same was provided. Since mammalian 
cells transformed with the recombinant vector of 
the present invention expresses a desired structural 
gene in serum-free or low-serum medium, the de- 
sired substance can be effectively produced by 
such transformed mammalian cells in serum-free or 
non-serum medium. Thus, by the present inven- 
tion, it was made it possible to produce a sub- 
stance using an inexpensive medium which does 
not contain serum and the purification step for 
removing the serum from the desired product is 
not necessary. Therefore, the desired product can 
be effectively produced at a low cost. Further, 
since transformed mammalian cells are used in the 
process of the present invention, gene products 
having modifications by sugar chains which are the 
same as or at least similar to those of the naturally 
occurring gene products may be produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the results of Southern blotting of 
various fragments obtained by digesting X- 
#908phage and X-#916 phage clones and using 
the DNA fragment of -1068 nt to -531 nt of the 
rat FN 5' flanking region; 
Fig. 2 shows gene maps of the plasmids 
prFNpp2.1 and prFNSn2.3 prepared by inserting 
the 5' flanking region containing rat FN promoter 
and enhancer into the multicloning site of 
pBluescript II KS + ; 

Fig. 3 shows the nucleotide sequence of a DNA 
containing rat FN promoter and enhancer region; 
Fig. 4 shows gene maps of plasmid vectors 
pSV2CAT-BX and pSV2-XB which were used for 
analyzing the function of the rat FN promoter 
and enhancer regions; 

Fig. 5 shows 26 kinds of FN promoters and 
enhancers in which no or various deletions or 
substitutions are made; 

Fig. 6 shows a time table of CAT assay and 
temporary expression activity of FN enhancer 
and promoter; 

Fig. 7 is a view which shows that the temporary 
expression of FN enhancer and promoter of 
XhoC cells is promoted by substitution of bases 
in the enhancer region; 

Fig. 8 is a gene map of a transducing vector 
PF1900L; 
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Fig. 9 is a gene map of a transducing vector 
pF1900Lneo; 

Fig. 10 is a gene map of a transducing vector 
pFAb564L; 

s Fig. 11 is a gene map of a transducing vector 
pFAb564Lneo; 

Fig. 12A is a gene map of a transducing vector 
PF1900M; 

Fig. 12B is a gene map of a human interferon 

w gamma (HulFN-y) expression plasmid pF19007 
constructed from a transducing vector pF1900M; 
Fig. 13 shows the growth of 16, 17, 125 and 126 
cell lines and production of HulFN-7 thereby; 
Fig. 14 shows the change in the HulFN-7 con- 

75 centration produced by 17 cell line wherein Fig. 
14A shows the concentration change when the 
medium is not replaced and Fig. 14B shows the 
concentration change when the medium is re- 
placed every other day; 

20 Fig. 15 shows the results of Northern blot hy- 
bridization analysis wherein Fig. 15A shows the 
results of HulFN-7 mRNA expressed by 16, 17, 
I25 and I26 cells and Fig. 15B shows the results 
of j8-actin mRNA (control experiment); 

25 Fig. 16 shows the results of Southern blot hy- 
bridization analysis of pF19007 introduced into 
and retained by 16, 17, I25 and I26 cell lines; and 
Fig. 17 shows the SDS-polyacrylamide gel elec- 
trophoresis image of HulFN-7 protein (separated 

30 by immunoprectpitation) produced by 16 and 17 
cells. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 

The DNA according to the present invention, 
which has the enhancer activity for the FN gene is 
hereinafter also referred to as "enhancer DNA ac- 
cording to the present invention" or "FN enhan- 
40 cer". 

The term "enhancer" herein means the 
nucleotide sequence in a DNA having the following 
features: 

(1) The enhancer has an activity to increase the 
45 activity of the nearest promoter on the same 

DNA. 

(2) The enhancer functions even if it is located 
considerably far (up to about 10,000 bases) from 
the gene acted by the enhancer. 

50 (3) The enhancer does not need to be located at 
a prescribed position. That is, the enhancer 
does not need to be located upstream the 5' 
end. of the gene, but may be located in the 
transcriptional region or downstream thereof. 

55 (4) A type of enhancer sequence may prefer 
specific cells or may function only in the cells 
(tissue specificity). 
By the above-mentioned features, enhancer can be 

3 
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distinguished from promoter. 

The enhancer activity for the FN gene of the 
FN enhancer DNA according to the present inven- 
tion herein means that the efficiency of the tran- 
scription of the FN promoter is increased, that is, 
the expression level of the structural gene under 
the control of the FN promoter is increased, if the 
enhancer DNA is ligated to an upstream region of 
the FN promoter. Further, the increase in the effi- 
ciency of transcription is prominent in quiescent 
cells (see above) and the transcription is rapidly 
suppressed with the initiation of the cell growth. 
This is also an important property of the enhancer 
DNA of the present invention. 

The enhancer DNA of the present invention 
may be obtained, for example, as follows: First, a 
probe is prepared by the polymerase chain reac- 
tion (PCR) method based on the base sequence of 
the rat FN promoter (Patel et al., The EMBO Jour- 
nal, 6(9), 2565). Using the thus prepared probe, a 
DNA containing the rat FN promoter region and the 
enhancer region is cloned. The cloned DNA is 
digested with one or more restriction enzymes to 
obtain a DNA containing a part of the structural 
gene encoding FN and the upstream region of the 
FN gene up to about 2 kbp from the 5' end of the 
FN gene. The thus obtained DNA is then sub- 
cloned to a plasmid DNA, and a recombinant plas- 
mid DNA having a chloramphenicol acetyl trans- 
ferase (CAT) gene as a reporter gene at down- 
stream of the 2 kbp DNA is constructed. Animal 
cells are transfected with this DNA and the CAT 
activities of the cells are determined. If CAT activity 
is observed, the enhancer which functions under 
serum-free or low-serum conditions is located with- 
in the 2 kbp DNA upstream the FN gene. 

More particularly, the enhancer may be ob- 
tained, for example, based on the method of Patel 
et al. That is, the rat genome library (Tamkun, J.W. 
et al., Proc. Natl. Acad. Sci. USA, 81, 5140 (1984)) 
inserted in EMBL 3 type X phage vectors is 
screened using the cDNA as a probe. From the 
phage clones reacted with the probe, DNAs con- 
taining the 25 kb region downstream the 3' end of 
FN genomic gene are extracted. Using the 5* end 
region of the thus obtained FN genomic gene DNA 
as a probe, the similar cloning is repeated to obtain 
a series of FN genomic gene DNAs, a part thereof 
overlapping each other. The positions of the DNAs 
on the FN gene are determined by Southern blot- 
ting using the cDNA as a probe. Among these, the 
DNA which reacts with the probe of the 5' end of 
the FN cDNA is further analyzed by making restric- 
tion enzyme map, determining base sequence 
and/or by conducting the RNase protection test, so 
as to determine the transcription initiation site of 
the FN gene and a part of the promoter. 
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Rat fibroblast cell line 3Y1 (Kimura et al., Int. J. 
Cancer, 15, 694 (1975)) gene library inserted in 
EMBL 3 type X phage vector is screened by using 
the part of the thus obtained promoter as a probe. 

5 DNAs are extracted from the phage clones which 
react with the probe, and restriction maps of the 
region of the inserted rat genes are prepared. The 
DNA fragments upstream the structural genes, e.g., 
2.0 kb fragments may be cloned again to, for 

w example, plasmid pBluescript II KS. 

By determining the base sequence of the clon- 
ed DNA and comparing the base sequence with 
that of the cDNA, the position of the translation 
initiation codon on the gene can be determined. 

15 Further, by the S1 mapping method (Berk, A. 

J. and Sharp, P.A., Cell, 2, 721 (1977)), the tran- 
scription initiation site of the gene may be deter- 
mined. 

An example of the enhancer DNA according to 
20 the present invention thus obtained is contained in 
the DNA fragment of -1908th to -1081th 
nucleotides in the DNA sequence shown in Fig. 3. 

As the promoter, the DNAs containing 
"TATAA", "GGGCGG" and "CCAAT" shown in Fig. 
25 5 of The EMBO Journal, 6, 2563-2572 (1987) may 
be employed. 

The structural gene inserted in the recombinant 
vector may be derived from, any species, and any 
structural gene which may be expressed in mam- 
30 malian cells may be employed. 

Examples of the structural gene include the 
gene encoding chloramphenicol acety transferase 
(CAT) originated from transposable element Tn9, 
the gene encoding human 7-interferon (1FN-?) and 
35 human Nerve Growth Factor 2 (NGF-2) (see Eu- 
ropean Patent Publication No. 386,752A1). 

The vector in which the enhancer DNA of the 
present invention, the promoter region and the 
structural gene are inserted may be any vector 
40 including vectors for mammalian cells such as pCD 
vector, cDM8 vector (Aruffo, A and Seed, B., Proc. 
Natl. Acad. Sci. USA, 84, 8573 (1987)), retrovirus 
vector (Cone, R. D. and Mulligan, R. C, Proc. Natl. 
Acad. Sci. USA, 81, 6349 (1984)); and other vec- 
45 tors such as pBR series and pUC series. 

The enhancer DNA of the present invention, 
the promoter region and the structural gene may 
be inserted into the vector by the following proce- 
dure: 

50 Firstly, a vector is digested with one or more 

appropriate restriction enzymes so that a foreign 
DNA can be inserted. On the other hand, the FN 
enhancer DNA, the promoter region and the struc- 
tural gene (assuming these are on the same DNA 

55 and successively arranged) are cut out from an 
appropriate source and, if necessary, the both ends 
of the cut out DNA fragment are processed. There- 
after, the vector and the DNA fragment containing 

4 
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the FN enhancer DNA, the promoter region and the 
structural gene are mixed and ligated by ligase. 

The thus obtained recombinant vector is intro- 
duced into mammalian cells so as to transform the 
mammalian cells. 

Preferred examples of the mammalian cell em- 
ployed as a host include 3Y1 cell originated from 
rat fibroblast cell, 3T3 cell originated from mouse 
fibroblast cell, WI38 cell originated from human 
fibroblast cell, HUH7 cell originated from human 
hepatocarcinoma cell, and HmLul cell originated 
from hamster lung cancer cell. Among these, rat 
3Y1 cell is best preferred. 

The recombinant vector may be introduced into 
the mammalian cell by, for example, calcium phos- 
phate method (Wigler, M. et al., Cell, 16, 777 
(1979)), DEAE dextran method (Lopata, M.ATet al.. 
Nucleic Acid Res., 12, 5707 (1984)), electroporation 
method (Ishizaki etH, Saibo Kogaku, Vol. 5, p.557, 
1986) or microinjection method. 

The mammalian cell transformant may be cul- 
tured by the conventional methods. Examples of 
the preferred media include MEM medium 
(Science, 122, 501 (1952)), DMEM medium 
(Virology, 8, 396 (1959)), RPMI 1640 medium (The 
Journal of the American Medical Association, 199, 
519 (1967)) and 199 medium (Proceedings ofthe 
Society for the Biological Medicine, 73, 1 (1950)). 
The pH of the medium is preferably~about 6 - 8. 
The culturing may usually be carried out at about 
30 - 40°C for about 15-96 hours. If necessary, the 
culture medium may be aerated and/or stirred. The 
transformants may be cultured firstly in a medium 
containing serum and then transferred to a serum- 
free or a low-serum medium. 

In the initial culture, a serum-free medium or a 
medium containing 0.1 - 20 vol% of bovine serum 
may be employed. Usually, a serum concentration 
of 10 vol% is sufficient (or 5 vol% is sufficient for 
some cells). After growing the cells to an appro- 
priate number in these conditions, the cells are 
then transferred to a serum-free or low-serum 
(about 0.1 - 2 vol%j medium. By culturing the cells 
in the serum-free or the low-serum medium, the 
desired gene product may be obtained in a large 
amount. It is preferred to exchange the medium 
with a fresh medium, for example, every 3 days. 
The serum may be, for example, calf serum and 
fetal calf serum and the like, and the fetal calf 
serum is best preferred. 

By the method described above, an arbitrary 
desired structural gene may be efficiently ex- 
pressed under serum-free or low-serum condition, 
using the enhancer DNA of the present invention 
and the promoter. 

The recombinant vector pF1900L containing 
the enhancer DNA of the present invention and the 
promoter, which was obtained in Example 1(3) de- 



scribed below, was deposited with Fermentation 
Research Institute of Japan on September 9, 1991 
under the Budapest Treaty under the accession 
number FERM BP-3552. 
5 The invention will now be described by way of 

examples thereof. It should be noted that the ex- 
amples are presented for the illustration purpose 
only and should not be interpreted in any restrictive 
way. 

10 

Example 1 

(1) Isolation of Rat FN Promoter and Enhancer 

15 A genomic DNA library was prepared from rat 
fibroblast cell line 3Y1 clone b 1-6 ((Kimura et al., 
Int. J. Cancer 15, 694 (1975)), hereinafter referred 
to as "3Y1" for short) using EMBL3 type X phage 
vector (commercially available from Stratagene Inc. 

20 The phage vector is hereinafter referred to as 
"Stg"). A DNA fragment having the sequence of 
from -1067th nucleotide (the nucleotide number is 
hereinafter expressed such as "-1067 nt") to -529 
nt in the 5' flanking region of FN, which sequence 

25 was determined by Patel (the transcription initiation 
site is numbered as +1 nt and the nucleotide 
immediately upstream the + 1 nt is numbered as -1 
nt) was prepared by the polymerase chain reaction 
(hereinafter referred to as "PCR") method using 

30 the 3Y1 genomic DNA as a template. 

The 5'-end of the thus obtained DNA fragment 
was radio-labelled using ( 7 - 32 P)ATP and T4 poly- 
nucleotide kinase to obtain a DNA probe. Using the 
thus prepared DNA probe, 1,500,000 clones of the 

35 above-mentioned genomic DNA library were 
screened to obtain two clones #908 and #916 
which contain the FN promoter. Southern blotting 
analysis revealed that the clone #908 contained a 
Sal I fragment of about 10 kbp including the 5' 

40 flanking region of FN and the clone #916 contained 
a Sal I fragment of about 5.7 kbp including the 5' 
flanking region of FN (Fig. 1). 

From the clone #908, a Pst I fragment of 2.1 
kbp and a Sal I- Nhe I fragment of 2.3 kbp which 

45 contain the 5' flanking region of FN were cut out, 
and these fragments are subcloned to a plasmid 
pBluescript IIKS + (Stg) to obtain prFNpp2.1 and 
prFNsn2.3, respectively (Fig. 2). The base se- 
quence of prFNpp2.1 was determined. As a result, 

so it was found that prFNpp2.1 contained the 
nucleotide sequence of from -1908 nt to -1081 nt 
which has not been reported (Fig. 3. It should be 
noted that the nucleotide sequence from -1080 nt 
to + 2460 nt has been reported by Patel et al (The 

55 EMBO Journal, 6(9), 2565 (1987)). The base se- 
quence and the restriction map of the region down- 
stream from -1080 nt were identical to those re- 
ported by Patel et al. 



10/30/2007, EAST Version: 2.0.3.0 



9 



EP 0 546 333 A1 



10 



(2) Studies of Functional Regions of FN Promoter 
and Enhancer 

The functional regions of FN promoter and 
enhancer were studied by the assay (CAT assay) 
of the temporary expression activity of chloram- 
phenicol acetyltransferase (CAT assay). That is, 
various plasmids (pFCATs, see Fig. 5) containing 
FN 5' flanking region (containing promoter and 
enhancer) in which various deletions and substitu- 
tions of bases were introduced, which is inserted 
upstream the CAT gene, were prepared. 3Y1 clone 
b 1-6 was transfected with each of the pFCATs. 
Forty eight hours after the transfection, the CAT 
activities in the cell extracts were measured and 
the measured activities were compared each other. 

(2)-1 Preparation of pFCATs 

Firstly, in order to insert the FN promoter and 
enhancer at an upstream region of the CAT gene, 
plasmids pSV2CAT-BX and pSV2CAT-XB were 
prepared (Fig. 4). The plasmid pSV2CAT-BX is the 
same as the pSV2CAT reported by Gorman et al 
(Molecular and Cellular Biology, 2(9), 1044 (1982)) 
except that the Acc I restriction site~and the Nde I 
restriction site are substituted by Bgl II site and 
Xho I site, respectively. The plasmid pSV2CAT-XB 
is the same as the pSV2CAT except that the Acc I 
restriction site and the Nde I restriction site are 
substituted by Xho I site and Bgl II site, respec- 
tively. FN 5' flanking region having various dele- 
tions and substitutions of bases were inserted up- 
stream the CAT gene in the plasmids pSV2CAT-BX 
and pSV2CAT-XB to obtain 26 pFCATs (see Fig. 5. 
The prepared plasmids were numbered from 1 - 26 
for convenience). The method for constructing each 
of these pFCAT plasmids will now be described. 

pF1900CAT and pF202CAT (see Fig. 5; 1, 7) 

Plasmid prFNpp2.1 was digested with Bam HI 
or Sau 3AI and Hind III to obtain a DNA fragment of 
2.1 kbp (containing -1908 nt to +136 nt of FN 5, 
flanking region) and a DNA fragment of 351 bp 
(containing -202 nt to +136 nt of FN 5' flanking 
region). These DNA fragments were inserted be- 
tween the Hind III site and Bgl II site of pSV2CAT- 
XB to obtain pF1900 CAT and pF202CAT, respec- 
tively. 

pFC1079CAT (see Fig. 5; 2) 

After digesting prFNsn2.3 with Eco Rl, the re- 
sultant was blunt-ended with T4DNA polymerase 
and a Bam HI linker was attached. The resultant 
was digested with Bam HI and Pst I, and the 
obtained DNA fragment of 1.4 kbp (containing - 



1079 nt to +136 nt of FN 5, flanking region) was 
inserted between the Hind III site and Bgl II site of 
pSV2CAT-XB using a Hind Ill-Pst I adaptor 
(5'AGCTTGCA3') to obtain pFl079CAT. 

5 

pF882CAT, pF564CAT, pF414CAT and pF166CAT 
(see Fig. 5; 3, 5, 6, 8) 

Plasmid prFNpp2.1 was digested with Stu I, 
w Sma I, Dra I and Rsa I, and Bgl II linker was 
attached. The resulting DNA fragments sizing 1 
kbp (containing -882 nt to +136 nt of FN 5' flank- 
ing region), 710 bp (containing -564 nt to +136 nt), 
560 bp (containing -414 nt to +136 nt) and 310 bp 
75 (-166 nt to +136 nt), respectively, were inserted 
between the Hind III site and the Bgl II site of 
pSV2CAT-XB to obtain pF882CAT, pF564CAT, 
pF414CAT and pF166CAT, respectively. 

20 pF746CAT and pF123CAT (see Fig. 5; 4, 10) 

Plasmid prFNpp2.1 was digested with Apa LI 
or Eag I and the resultants were blunt-ended by 
T4DNA polymerase, followed by addition of Bgl II 

25 linker (The Eag I site was repaired by the addition 
of the linker). The resultants were digested with Bgl 
II and Hind III to obtain a DNA fragment of 900 bp 
(containing -746 nt to +136 nt of the FN 5' flanking 
region) and a DNA fragment of 270 bp (-123 nt to 

30 +136 nt). Each of these DNA fragments was in- 
serted between the Hind III site and the Bgl II site 
of pSV2CAT-XB to obtain pF746CAT and 
pF123CAT, respectively. 

35 pF154CAT (see Fig. 5; 9) 

Plasmid prFNpp2.1 was digested with Aat II 
and Hind III to obtain a DNA fragment of 300 bp 
(containing -154 nt to +136 nt of 5' flanking region 
40 of FN). The DNA fragment was inserted between 
the Hind III site and the Bgl II site of pSV2CAT-XB 
using Sau 3AI-Aat II adaptor (5'GATCACGT3') to 
obtain pF154CAT. 

45 pFAa882CAT, pFAa746CAT pFAa564CAT, 
pFAa414CAT and pFAa123CAT(see Fig. 5; 11, 12, 
13, 14 and 16) 

After digesting prFNsn2.3 with Eco Rl, the re- 
50 sultant was blunt-ended with T4DNA polymerase 
and then Bgl II linker was attached. The resultant 
was digested with Bgl If and Xho I to obtain a DNA 
fragment of 1 kbp (containing -1908 nt to -1075 nt 
of FN enhancer). The DNA fragment was inserted 
55 between the Bgl II site and the Xho I site of 
pSV2CAT-BX to obtain pSV2CAT-FNa. 

The Bgl ll-Hind III fragments containing the FN 
promoter and enhancer were inserted from 
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pF882CAT, pF746CAT, pF564CAT, pF414CAT and 
pF123CAT, and each of the DNA fragments were 
inserted between the Hind II! site and Bgl II site of 
pSV2CAT-FNa to obtain pFAa882CAT, 
pFAa746CAT, pFAa564CAT, P FAa414CAT and 
pFAa123CAT, respectively. 

pFAa154CAT (see Fig. 5; 15) 

Plasmid prFNpp2.1 was digested with Aat II 
and Hind III to obtain a DNA fragment of 300 bp 
(containing -154 nt to +136 nt of the 5' flanking 
region of FN). The DNA fragment was inserted 
between the Hind III site and the Bgl II site of the 
pSV2CAT-FNa prepared in the preceding para- 
graph using Sau 3AI-Aat II adaptor 
(5'GATCACGT3') to obtain pFAal 54CAT. 

pFAb746CAT and pFA564CAT (see Fig. 5; 17 and 

i5) ; 

Plasmid prFNsn2.3 was digested with Stu I and 
a Bgl II linker was attached. The resultant was 
digested with Bgl II and Xho I to obtain a DNA 
fragment of 1.1 kbp (containing -1908 nt to -882 nt 
of FN enhancer). The DNA fragment was inserted 
between the Bgl II site and the Xho I site of 
pSV2CAT-BX to obtain pSV2CAT-FNb. 

The Bgl ll-Hind III fragments containing the FN 
promoter and enhancer were isolated from 
pF746CAT and pF564CAT, respectively, and the 
obtained fragments were inserted between the Hind 
III site and the Bgl II site of pSV2CAT-FNb to 
obtain pFAb746CAT and pFAb564CAT, respective- 
ly. 

pFAc564CAT (see Fig. 5; 19) 

After digesting prFNsn2.3 with Apa LI, the re- 
sultant was blunt-ended with T4DNA polymerase 
and a Bgl II linker was attached. The resultant was 
digested with Bgl II and Xho I to obtain a DNA 
fragment of 1 .3 kbp (containing -908 nt to -742 nt 
of FN enhancer). The DNA fragment was inserted 
between the Bgl II site and Xho I site of pSV2CAT- 
BX to obtain pSV2CAT-FNc. 

Bgl ll-Hind III fragment containing the FN pro- 
moter and enhancer was isolated from pF564CAT 
and was inserted between the Hind III site and the 
Bgl II site of pSV2CAT-FNc to obtain pFAc564CAT. 

pFgGGCAT, pFggGCAT, pFgGgCATA and 
pFgggCAT (see Fig. 5; 20, 21 , 22 and 23) 

In order to strengthen the functions of the FN 
promoter and enhancer, substitutions of bases 
were introduced into three G-rich regions, that is, 
the regions located at -239 nt to - 229 nt, -105 nt to 



-95 nt and -54 nt to -44 nt, which consist of 10 G 
(guanine) or 9 G plus 1 C (cytosine) at the center 
of the 10 bases (these regions are hereinafter re- 
ferred to as "G10 regions"), so as to prepare the 
5 pFCATs described in this section and the next 
section. 

Plasmid pF564CAT was digested with Bgl II 
and Hind III to obtain a DNA fragment of 720 bp 
containing FN promoter. This DNA fragment was 

w inserted between the Bam HI site and the Hind III 
site of M13mp19 phage vector to obtain M13F564 
phage. E. coli CJ236 was infected with M13F564 
phage to prepare a single-stranded phage DNA. 
Using this single-stranded phage DNA as a tem- 

15 plate and using synthetic DNA primers and site- 
specific mutation-introducing system "Mutan-K" 
commercially available from Takara Shuzo, the 
three GGGG sequences located at (a) -236 nt to 
-233 nt, (b) -98 nt to -95 nt and (c) -54 nt to -51 nt, 

20 respectively, were substituted by ATCC, ATCC and 
CTTA, respectively, by the method of Kunkel et al. 
By these substitutions, the G10 regions were de- 
structed. 

Among the base-substituted mutated phages, 

25 the phage in which (a) alone was substituted was 
designated M13 FgGG , the phage in which (a) and 
(b) were substituted was designated M13ggG, the 
phage in which (a) and (c) were substituted was 
designated M13FgGg, and the phage in which (a), 

30 (b) and (c) were substituted was designated 
M13Fggg. Thus, the character "g" in the under- 
scored portion means the substituted mutation and 
the character "G" in the underscored portion 
means the wild type sequence. Further, the first 

35 M g n indicates the position of (a), the second "g" 
indicates the position of (b) and the third "g" 
indicates the position of (c). 

From M13FgGG, M13FggG, M13FgGg and 
M13Fggg, pFgGGCAT, pFggGCAT, pFgGgCAT 

40 and pFgggCAT were constructed, respectively, in 
the same manner as the construction of 
pF41 4CAT. 

p FAG CAT, pFAGgCAT and pFAggCAT (see Fig. 5; 
45 24, 25 and 26) 

From M13ggG, M13gGg and M13ggg prepared 
in the preceding section, pFAgGCAT, pFAGgCAT, 
and pFAggCAT were constructed, respectively, in 
50 the same manner as in the construction of 
pF123CAT. The character "A" in the underscored 
portion means that the sequence (a) is deleted. 



55 
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(2)-2 CAT Assay 

Expression in 3Y1 Cells (see Fig. 6) 

Using the 26 pFCATs prepared in the preced- 
ing sections, CAT-expressing plasmid ptkCAT 
(Hayashi et al., Genes & Development, 1, 818) as a 
control and pSV2CAT, CAT assays were carried 
out on the growing 3Y1 cells and quiescent 3Y1 
cells in low-serum medium containing 0.5 vol% of 
bovine serum (Fig. 6A). The transfection of the 
DNA was carried out under the following condi- 
tions: Growing 3Y1 Cells: About 5 x 10 5 cells were 
scattered on each petri dish with a diameter of 9 
cm. On the next day, DNA was given to the cells in 
an amount of 20 ug per dish by calcium phosphate 
co-precipitation method (Chen et al., Molecular and 
Cellular Biology, 7(8), 2745) for 4.5 - 6 hours. 
Quiescent 3Y1 Cells: About 1 x 10 6 cells were 
scattered on each petri dish with a diameter of 9 
cm. Two days after, the transfection of the DNA 
was carried out in the same manner as for growing 
3Y1 cells just mentioned above. 

In both cases, the cells were harvested at 48 - 
50 hours after the transfection. The cells were 
subjected to freeze-thaw cycle three times in 0.25 
M Tris-HCI buffer (pH 7.8) to obtain cell extracts. 

The CAT assay was carried out according to 
the method of Gorman et al. The results are shown 
in Fig. 6B. As shown in Fig. 6B, the following was 
found. In the following description, the pFCATs are 
designated in terms of the number shown in Fig. 5. 

(a) From the entire results, it can be seen that 
FN promoter functioned more strongly in quies- 
cent 3Y1 cells than in the growing 3Y1 cells. 

(b) From the entire results, it can be seen that 
FN enhancer and promoter have higher expres- 
sion activity than those of tk promoter and SV2 
promoter. 

(c) From the comparisons between 1 and 2, and 
between 3 - 6 and 11 - 14, it was found that a 
region which enhances the expression is con- 
tained in the sequence from -1908 nt to -1079 nt 
of the FN enhancer. 

(d) From the comparisons between 1 and 18, 
and 2-4 and 5, a region which suppresses the 
expression is contained in the sequence from 
-882 nt to -564 nt of the FN enhancer. 

(e) From the comparisons between 6, 14 and 9, 
15 or 10, 16, it was found that a region which is 
necessary for the functioning of the expression- 
enhancing region contained in -1908 nt to -1079 
nt described in (c) exists in the sequence be- 
tween -414 nt and -154 nt. 



Expression in Transformed 3Y1 Cells (XhoC14 
Cells) (Fig. 7) 

In cell line XhoC14 prepared by transforming 
5 3Y1 cells with adenovirus E1 gene, the expression 
of fibronectin is much lower than the normal 3Y1 
cells. Using XhoC cells, CAT assays were carried 
out as in the preceding section. As a result, the 
expression of pFCATs of 1 - 19 were as low as 
70 about 1/10 of those in 3Y1 cells (The conditions of 
transfection and the method of CAT assay were the 
same as for the growing 3Y1 cells in the preceding 
section). On the other hand, pFCATs of 20 - 26 
(see Fig. 5) to which base-substitution mutations 
rs were introduced in the G10 regions were transfec- 
ted to XhoC cells and CAT assays were carried 
out. The expression levels were compared with 
pF41 4CAT ( = pFGGGCAT) and pF123CAT 
( = pFAGGCAT) to obtain the results shown in Fig. 
20 7. From these, the following was found: 

(f) The three G-rich regions (G10 regions) con- 
tained in the FN promoter and enhancer sup- 
press the expression in the transformed cell line 
(XhoC). 

25 (g) Therefore, by destroying the three G10 re- 
gions by, for example, introducing mutations 
such as substitution of bases, the FN enhancer 
and promoter regain the strong expression activ- 
ity even in the transformed cell line. 

30 

(3) Construction of Vectors pF1900L, pFAb564L, 
pF1900Lneo and pFAb564neo for Transduction 

Based on the results described in the preced- 

35 ing sections, transducing vectors pFl900L, 
pFAb564L, pF1900Lneo and pFAb564Lneo were 
constructed (Fig. 8). 

Plasmids pF1900L and pFAb564L are the 
same as pF1900CAT and pFAb564CAT, respec- 

40 tively, except that their CAT genes are replaced by 
+ 198 nt to +312 nt fragment (the region encoding 
FN secretion signal). The newly inserted FN secre- 
tion signal region has a Hind III site at the 5' end 
and a Bgl II site at 3* end, so that this region can 

45 be cut out by using these restriction enzymes. 
Further, these site can be used as cloning sites for 
an arbitrary structural gene. It should be noted, 
however, when a gene is cloned at the Bgl II site, 
the codon frame must be coincident with the amino 

so acid code of the FN secretion signal. 

Plasmids pF1900Lneo and pFAb564Lneo were 
prepared by adding a Bam HI linker to the Nde I 
site of pSV2neo, digesting the resultant with Bam 
HI, and inserting the DNA fragment containing SV2 

55 promoter and neomycinreststant gene to the Bam 
HI site of pF1900L and pFAb564L, respectively. 
After introducing these plasmids into cells, the sta- 
ble transformants can be isolated as G418-resistant 
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strains. 

E. colt DH1 was transformed with pF1900L by 
the method described by Maniatis, T., Fritsch, E.F. 
and Sambrook, J. (1982), Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor, New York: 
Cold Spring Harbor Laboratory) to obtain a transfor- 
mant E. cofi AG1/pF1900L (FERM BP-3552). 

Example 2 

(4) Construction of Transducing Vector pF1900M 

A vector pF1900M which does not preliminarily 
have the FN secretion signal was prepared sepa- 
rately from the transducing vectors constructed in 
the preceding sections (Fig. 12). 

Firstly, the multicloning site adjacent to the 3' 
end of the FN enhancer and promoter of 
prFNpp2.1 was cut by Apa I. After inserting a Bgl II 
linker, the resultant was digested with Bam HI and 
Bgl II to isolate a DNA fragment containing the FN 
enhancer and promoter. Then pSV20-globin was 
digested with Nde I and the resultant was treated 
with T4DNA polymerase, followed by insertion of 
the Bgl II linker. The resultant was digested with 
Bgl II to isolate a DNA fragment containing the 
splicing/polyadenylation signal of SV40, and a DNA 
fragment containing the replication origin of 
pBR322 and ampicillin-resistant gene. These iso- 
lated DNA fragments were ligated and a plasmid in 
which the splicing/polyadenylation signal of SV40 is 
arranged at the 3'-end of the FN enhancer and 
promoter was selected, which was designated 
PF1900M. 

(5) Production of Gene Product Using pF1900M 

For the purpose of examining the ability to 
produce the gene product of the thus prepared 
expression vector pF1900M, human interferon 
gamma (hereinafter referred to as "HulFN-y") gene 
was introduced into the rat 3Y1 cells using 
pF1900M to establish a HulFN- 7 -expressing cell 
lines I series (16, 17, I25 and I26). Using these cell 
lines, the level of the produced HulFN- 7 in the 
serum-free or low-serum medium, the expression 
level of mRNA, the state of existence of the intro- 
duced gene in the genome of the cell and the 
produced HulFN-7 were examined. 

From the analytical results, the following five 
points were confirmed. From these results, it was 
shown that it is useful to culture a mammalian cell 
transformant to which a structural gene is intro- 
duced by using the transducing vector pF1900M so 
as to produce the gene product. 

(i) The amount of the gene product by the 
mammalian cell transformant to which a struc- 
tural gene is introduced by using the trans- 



ducing vector pF1900M, which transformant is 
simply cultured in a single layer is greater than 
the amount of the gene product obtained by 
culturing the conventional mammalian cell trans- 
5 form ants. 

(ii) The amount of the gene product by the 
mammalian cell transformant to which a struc- 
tural gene is introduced by using the trans- 
ducing vector pF1900M is increased by stop- 

w ping the growth of the cells. 

(iii) The amount of the gene product by the 
mammalian cell transformant to which a struc- 
tural gene is introduced by using the trans- 
ducing vector pF1900M depends on the activity 

15 of the FN enhancer and promoter for expressing 
the mRNA of the structural gene. 

(iv) In the mammalian cell transformant to which 
a structural gene is introduced by using 
pF1900M, about 3 - 6 copies of the introduced 

20 gene are retained. 

(v) The gene product produced by the mamma- 
lian cell transformant to which a structural gene 
is introduced by using pF1900M is similar to the 
naturally occurring gene products with respect 

25 to the modification by sugar chains and the like. 

The concrete methods and results of the analy- 
sis will now be described. 

(5)-1 Insertion of HulFN-y cDNA to Downstream of 
30 pF1900M FN Enhancer and Promoter (Preparation 
of pF1900 7 ) 

Plasmid pF1900M was digested with Eco RV 
and a Bgl II linker was inserted, followed by the 

35 digestion with Bgl II to obtain a vector fragment. 
Then HulFN-7 cDNA presented by Dr. Shigekazu 
OSADA, Chief of Molecular Biology Department in 
Bioscience Research, Osaka University was cut at 
the Sau 3AI sites located at the 50th and 892th 

40 base from the mRNA transcription initiation site 
(Gray et al., Nature (London) 295, 503-508 (1982)), 
and the obtained DNA fragments were ligated to 
the pF1900M vector fragment. The plasmid in 
which the 5'-end of HulFN- 7 cDNA is adjacent to 

45 the 3'-end of the FN promoter was selected to 
obtain a HulFN-7 expression plasmid pF19007. 

(5)-2 Establishing HulFN- 7 -Producing Cell Lines 16, 
17, I25 and I26 

50 

About 5 x 10 s 3Y1 cells were scattered on a 
petri dish with a diameter of 8 cm and the cells 
were cultured overnight. To the 3Y1 cells, 20 ug of 
pFl900 7 prepared in the preceding section and 2 
55 ug of a drug resistant gene-expression plasmid 
pSV2neo were administered for 4 hours by the 
calcium phosphate co-precipitation method (Chen, 
et al., Molecular and Cellular Biology, 7, 2745-2752 
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(1987)). After the administration, 3Y1 cells were 
cultured in Dulbecco's modified Eagle medium 
containing 10 vol% of fetal calf serum (FCS) 
(hereinafter referred to as rt 10%FCS-DMEM") for 
48 hours, and then the cells were scattered on 
fresh 4 petri dishes. For about two weeks from the 
re-scattering, the cells were cultured on 10%FCS- 
DMEM containing 300 ug/ml of G418 (geneticin). 
The emerged colonies were isolated using a clon- 
ing cup, and were cultured in 10%FCS-DMEM con- 
taining 300 ug/ml of G418 (geneticin). After subcul- 
turing for about 4 weeks, the medium was changed 
to 10%FCS-DMEM which did not contain G418 
(geneticin) and the cells were subcultured once to 
obtain I cell line. 

The culture supernatant of each of the I cell 
lines obtained was collected and the HulFN- 7 level 
therein was determined by the anti-virus assay 
against mengo virus. That is, in the wells of a 96- 
well culture plate, human FL cells were placed in 
the number of 5 x 10* cells/well and 100 ul of 
5%FCS-DMEM and 45 ul of serially diluted stan- 
dard HulFN-7 or the collected culture supernatant 
of I cell line were placed in each well, followed by 
culturing for 24 hours. To each well, 1 x 10 5 mengo 
virus was added, and the cells were cultured for 
another 24 hours. Thereafter, the supernatant was 
discarded and the cells in the wells were stained 
with crystal violet. From the concentration of the 
HulFN-7 required for the FL cells to acquire anti- 
viral activity and the dilution of the culture super- 
natant of I cell line, which has the comparable 
activity, the HulFN-7 level in the supernatant was 
calculated. 

Among the I cell lines, 16, 17, I25 and I26 cell 
lines which exhibited the largest production amount 
of the HulFN-7 secreted to the culture supernatant 
were selected and used for the studies below de- 
scribed. 

(5)-3 Influences by Culturing Method on HulFN- 7 
Production by I Cell Lines 

On a petri dish with a diameter of 5 cm, 2 x 
10 5 cells of 16, 17, I25 or I26 were scattered (1 x 
10* cells/cm 2 ), and the cells were cultured in 4 ml 
of 10%FCS-DMEM for 3 days. The medium was 
then changed to 4 ml of the fresh medium with the 
same composition and the culturing was continued 
for another two days. The cells attached to the 
petri dish were washed twice with PBS-, and then 
cultured in 4 ml of DMEM containing no FCS 
(0%FCS-DMEM). The medium was again changed 
to 4 ml of 0%FCS-DMEM and the cells were cul- 
tured for additional 5 days. During this culture, the 
number of cells and the HulFN-7 level (anti-viral 
activity titer) in the culture supernatant were mea- 
sured for each I cell line. The results are shown in 



Fig. 13. The number of cells are indicated by the 
black points and solid line and the HulFN-7 level in 
the culture supernatant is indicated by the gray bar 
graph. The black arrow indicates the change of the 

5 medium to 10%FCS-DMEM, and the white arrow 
indicates the change of the medium to 0%FCS- 
DMEM. With all cell lines, the cells grew to con- 
fluency (1 - 1.2 x tO 6 cells/dish (5 - 6 x 10 4 
cells/cm 2 )) in about 5 days from the initiation of the 

10 culture, and decreased to 8 x 10 5 cells/dish (4 x 
10 4 cells/cm 2 ) in 5 days from the change of the 
medium to 0%FCS-DMEM. Thereafter, the cells 
were not substantially decreased for 3 days. The 
HulFN-7 level in the culture supernatant raised to 

rs about 5x10* units/ml in 16 and 17 cell lines in one 
day after the cell density reached to confluency. In 
particular, 17 cell line exhibited the maximum level 
of 4 x 10 5 units/ml for 2 days after the decrease of 
the number of the cells. The amounts of HulFN-7 

20 per one cell of 16 and 17 cell lines were 0.03 
units/cell/day and 0.05 units/cell/day on average, 
respectively, between the third day and the fifth 
day during the cell growth stage, and 0.06 
units/cell/day and 0.12 units/cell/day on average, 

25 respectively, between the fifth day and eighth day 
during the cells did not grow (These amounts were 
calculated from the amount of the accumulated 
HulFN-7 for 24 hours based on the hypothesis that 
HulFN-7 is not decomposed with time and accu- 

30 mulates in the culture supernatant, and from the 
cell number estimated for every 24 hours). 

From these results, it was found that the pro- 
duction ability of HulFN-7 is doubled at least in 16 
and 17 cell lines. These results are coincident with 

35 the results of the CAT assays showing that the 
activity of the FN promoter is increased to about 2 
- 5 times in the quiescent 3Y1 cells than in the 
growing cells (Fig. 6B). 

40 (B) Influence of FCS Concentration in Medium on 
HulFN-7 Production 

17 cells were scattered on petri dishes with a 
diameter of 8 cm at a population density of 5 x 10 5 

45 cells/dish (1x10* cells/cm 2 ), and the cells were 
cultured for 3 days in 10 ml/dish of 10 vol% FCS- 
DMEM. The medium was then replaced with fresh 
medium with the same composition and the cells 
were cultured for another three days.. Thus, the 

50 cells were cultured totally for 6 days, by which the 
cells reached to confluency (6 x 10 4 cells/cm 2 ). On 
the 6th day from the beginning of the culture, 
sampling was initiated (DayO). That is, 100 ul of the 
culture supernatant was taken from each petri dish 

55 and the samples were stored at 4°C. The petri 
dishes were grouped into two groups. After wash- 
ing the petri dishes twice with PBS-, 10 mi of 
10%FCS-DMEM was added to each of the petri 

10 
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dishes of one group and 10 ml of 0%FCS-DMEM 
was added to each of the petri dishes of another 
group. The cells were cultured for 10 days without 
changing the media. On Day1, 2, 3, 4, 6, 8 and 10, 
100 ul each of the culture supernatant was col- 5 
lected from each of the petri dishes, and the sam- 
ples were stored at 4°C. The HulFN- 7 levels 
(antiviral activity titers) of the samples were mea- 
sured, which are shown in Fig. 14A. 

In the supernatant of the culture medium on w 
DayO (i.e., the culture medium in which the cells 
were cultured for 3 days in 10 ml of 10%FCS- 
DMEM), the HulFN- 7 level was 1 x 10 s units/ml 
(black bar graph). In the group of cells which were 
further cultured in 10 ml of 10%FCS-DMEM, the 75 
HulFN-7 level in the supernatant was 1 x 10 5 
units/ml on Day1, and 5 x 10 5 units/mi on Day2 
and thereafter. The reason why the HulFN- 7 level 
did not change after Day2 is assumed that the 
production and secretion of HulFN- 7 and the ad- 20 
sorption and decomposition of HulFN- 7 reached to 
an equilibrium. 

On the other hand, the group to which 10 ml of 
0%FCS-DMEM was given showed HulFN- 7 level of 
1 x 10 4 units/ml on Day1, 1 x 10 5 units/ml on Day2, 25 
and 5 x 10 5 units/ml on Day3 and thereafter (white 
bar graph). 

Microscopic observations revealed that in both 
groups, the population density was smaller on Day 
10 than on Day 0, but the shrinkage of the cells 30 
and the collective peeling off of the cells were not 
observed. 

These results indicate that (b) the expression 
of HulFN- 7 by the FN enhancer and promoter of 
PF1900M is not substantially influenced by FCS 35 
concentration contained in the medium for culturing 
the cells, and that (c) the expression of HulFN- 7 by 
the FN enhancer and promoter of pF1900M is 
promoted after the population density reaches to 
confluency and so the growth of the cells is stop- 40 
ped. 

(C) Change in Concentration of Produced HulFN- 7 
When Medium is Replaced Every Other Day 

45 

17 cells were scattered on petri dishes with a 
diameter of 8 cm at a population density of 5 x 10 5 
cells/dish (1 x 10* cells/cm 2 ), and the cells were 
cultured for 3 days in 10 ml of 10%FCS-DMEM. 
The medium was then replaced with fresh medium 50 
with the same composition and the celts were 
cultured for another three days. Thus, the cells 
were cultured totally for 6 days, by which the cells 
reached to confluency (6 x 10 4 cells/cm 2 ). On the 
6th day from the beginning of the culture, sampling 55 
was initiated (DayO). That is, 100 ul of the culture 
supernatant was taken from each petri dish and the 
samples were stored at 4°C. The petri dishes were 



grouped into three groups. After washing the petri 
dishes twice with PBS-, 10 ml of 10%FCS-DMEM 
was added to each of the petri dishes of the first 
group, 10 ml of 0.5%FCS-DMEM was added to 
each of the petri dishes of the second group, and 
10 ml of 0%FCS-DMEM was added to each of the 
petri dishes of the third group. The cells were 
cultured for 10 days changing the media to 10 ml 
each fresh medium having the same composition 
every other day. At each time of changing the 
medium, the supernatant of the old culture medium 
was taken and stored at 4°C. The HulFN- 7 levels 
(antiviral activity titers) in the samples were mea- 
sured, which are shown in Fig. 14B. 

In the supernatant of the culture medium on 
DayO (i.e., the culture medium in which the cells 
were cultured for 3 days in 10 ml of 10%FCS- 
DMEM), the HulFN- 7 level was 5 x 10 5 units/ml 
(black bar graph). In the first group to which 1 0 ml 
of 10%FCS-DMEM was added (black bar graph) 
and in the second group to which 10 ml of 
0.5%FCS-DMEM was added (gray bar graph), the 
HulFN- 7 level was 5 x 10 5 units/ml at every mea- 
surement up to Day 10. In the third group to which 
10 ml of 0%FCS-DMEM was added, although the 
HulFN- 7 level was 5 x 10 5 units/ml up to Day6, it 
was decreased to 1 x 10 5 units/ml on Day8 and 
Day1 0 (white bar graph). 

Microscopic observations revealed that in the 
first and second groups to which 10 vol% and 
0.5%FCS-DMEM media were given, respectively, 
the population densities on Day 10 were only slight- 
ly smaller than those on DayO. However, in the 
third group to which 0%FCS-DMEM was given, it 
was observed that some cells died and shrunk and 
collectively peeled off on and after Day6. 

These results indicate that (d) the concentra- 
tion of the produced HulFN- 7 can be maintained at 
the 5 x 10 s units/ml which is the maximum level 
even if the medium is replaced every other day, 
that (e) the production level of HulFN- 7 does not 
depend on the FCS concentration and that (f) when 
the DMEM is replaced every other day, about 0.5 
vol% of FCS should be added in order to sustain 
the cells. 

The results of this section ((5)-3) indicate that 
the amount of the HulFN- 7 produced by 17 cells by 
the simple monolayer culture in a low-serum me- 
dium is more than the amount of the HulFN ob- 
tained by culturing mammalian cell transformants 
(E. Sano et al., in Biotechnology of Mammalian 
Cells (M. Umeda, et al., ed.) pp.1 49-1 62, Japan 
Scientific Societies Press, Tokyo (1987), R. 
Fukunaga, et al., Proceedings of the National Acad- 
emy of Science USA, 81, 5086-5090 (1984)). 
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(5)-4 State of Expression of HulFN- 7 mRNA in I 
Cell Lines 

The state of expression of the mRNA of HulFN- 
7 in I cell lines was analyzed by Northern blot 5 
hybridization method. Firstly, from cell lines 3Y1, 
16, 17, I25 and I26, total RNAs were extracted by 
acid guanidium phenol chloroform (AGPC) method 
(P. Chomczynski and N. Sacchi, Analytical Bio- 
chemistry, 162, 156-159 (1987)). The details of the io 
procedure will now be described. 

3Y1, 16, 17, I25 and I26 cells were cultured on 
plastic petri dishes with a diameter of 80 mm to a 
population density of 3 x 10 6 cells/dish 
(confluency), the number of the petri dishes for 75 
each cell line being 30. The petri dishes for each 
cell line were grouped into two groups (groups A 
and B, 15 dishes each). After washing the cells 
twice with PBS-, the petri dishes of group A were 
subjected to the preparation of mRNA. To the petri 20 
dishes of group B, 10 ml each of 0%FCS-DMEM 
was added and the cells were cultured for another 
48 hours to completely stop the cell growth. There- 
after, the petri dishes of group B were subjected to 
the preparation of the RNA. The preparation of 25 
RNA was carried out by the following method 
(AGPC method): 

The cells washed twice with cold PBS- (in the 
state of being attached to the petri dishes) were 
peeled off with Rubber Policeman and the cells so 
were collected group by group (15 dishes per 
group) in a Falcon#2070 tube. The samples were 
then centrifuged at 1200 x g for 5 minutes and 
PBS- was removed by aspiration. To the resulting 
precipitation of the cells, 1 ml of denaturing solu- 35 
tion (4M guanidiumthiocyanate, 25 mM sodium ci- 
trate, pH 7, 0.1 M /S-mercaptoethanol and 0.5 wt% 
N-lauroylsarcosine (Sarkosyl) was added. The mix- 
ture was homogenized by repeating injection and 
aspiration through a 18 gauge needle using a 1 ml 40 
disposable syringe (commercially available from 
Terumo Corporation, Tokyo, Japan) until the mix- 
ture lost viscosity. To the homogenate, 0.1 ml of 2 
M sodium acetate, pH 4, 1 ml of water-saturated 
phenol and 0.2 ml of chloroform were added and 45 
the resultant was vigorously stirred by a vortex 
mixer. The resulting mixture was incubated in ice 
for 15 minutes and was poured into two 1.5 ml 
centrifugation tube (commercially available from 
Eppendorf). The mixture was centrifuged at 12,000 50 
x g at 4 °C for 15 minutes. The separated aqueous 
layer was transferred to a new centrifugation tube 
and twice volume of isopropanol was added there- 
to. The resultant was incubated at -20°C for 1 hour 
to precipitate RNAs. The mixture was then cen- 55 
trifuged at 12,000 x g at 4 °C for 15 minutes and 
the supernatant was discarded. The precipitate was 
dissolved in 300 ul of the denaturing solution and 



the mixture was then centrifuged for two minutes to 
remove the insoluble materials. The supernatant 
was transferred to a new centrifugation tube and 
equal volume of isopropanol was added. The resul- 
tant was incubated at -20°C overnight to precipitate 
RNAs, and then centrifuged at 12,000 x g, at 4°C 
for 15 minutes. The supernatant was discarded and 
the precipitate was rinsed with 75 vol% ethanol. 
The precipitate was dried in vacuum for two min- 
utes and then dissolved in 25 ul of TE to obtain an 
RNA solution. The RNA concentration was deter- 
mined by measuring the absorbance at 260 nm 
(O.D. 260) of a solution prepared by diluting 3 ul of 
the RNA solution with TE to 600 u (i.e., 200-fold 
dilution), and calculated from the measured value 
(X) according to the following equation: 

(RNA Concentration ug/ul) = X x 40 x 200 + 1000 
(wherein 1 O.D. 260 unit = 40 ug/ml) 

The extracted RNA was analyzed by Northern 
blot hybridization. The details of the procedure are 
as follows: 

To 20 ug each of RNA extracted from 3Y1 , 16, 
17, 125 or 126 cell line, water was added to a 
volume of 4.5 ul. To the resulting mixture, 2 ul of 
10 x MOPS electrophoresis buffer (a mixture of 200 
mM sodium 3-(N-morpholino)-propanesulfonate, pH 
7, 80 mM of sodium acetate and 10 mM of EDTA, 
pH 8.0), 3.5 ul of 12.3 M formaldehyde and 10 ul 
of formamide were added and the resultant was 
well stirred. The resultant was heated at 65°C for 
15 minutes so as to denature the RNAs. To the 
denatured RNA solution, 5 ul of 6 x sample buffer 
(6 x formaldehyde loading buffer (a mixture of 1 
mM EDTA, pH 8.0, 0.25 wt% of bromphenol blue 
(BPB), 0.25 wt% of xylenecyanol and 50 vol% 
glycerol) was added and the resultant was sub- 
jected to electrophoresis in agarose/formalin/gel (a 
mixture of 1.2 wt% agarose, 2.2 M formaldehyde, 
20 mM MOPS, pH 7, 8 mM sodium acetate and 1 
mM EDTA, pH 8.0) in 1 x MOPS electrophoresis 
buffer at an electric field density of 4V/cm for 4 
hours (the distance of the bromphenol blue after 
the electrophoresis from the original position (M BPB ) 
= 11 cm). The separated RNAs were transcribed 
to a nylon membrane (Hybond N + , commercially 
available from Amersham) using an aspirative tran- 
scription apparatus (VacuGene, commercially avail- 
able from Pharmacia-LKB) at an aspiration pres- 
sure (VP) of 40 mm H 2 0 to prepare Nothern blot. 

The Northern blot was incubated in a hybridiza- 
tion reaction solution (a mixture of 50 vol% for- 
mamide, 5 x SSC (SSC means 150 mM NaCI/15 
mM sodium citrate), 5 x Denhalt's solution (0.02 
wt% Ficoll 400/0.02 wt% polyvinylpyrrolidone/0.02 
wt% bovine serum albumin (BSA)), 0.5 wt% SDS, 
0.2 mg/ml heat-denatured herring sperm DNA) at 
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42°C for 4 hours. Then HulFN- 7 cDNA probe (1 x 
10 9 cpm/ug) or rat 0-actin cDNA probe (1 x 10 9 
cpm/ug), which were labelled with 32 P by the ran- 
dom primer method, was added to 5 x 10 s cpm/ml. 
The resultant was then incubated at 42°C for addi- 5 
tional 18 hours. The excess hybridization reaction 
solution attached to the Northern blot was removed 
by washing the blot twice in 2 x SSC at room 
temperature for 10 minutes, twice with 2 x SSC/0.1 
wt% SDS at 42°C for 20 minutes, and once with io 
0.2 x SSC/0.1 wt% SDS at 42°C for 20 minutes. 
The washed Nothern blot was wrapped with Saran- 
wrap (commercially available from Asahi Chemical 
Industry Co., Ltd.) and the amounts of the RNA 
molecules and their length with which the probes 15 
specifically hybridized were analyzed by using 
Bioimage Analyzer BAS2000 System 
(commercially available from Fuji Photo Film). 

The bands of the mRNA of HulFN- 7 (IFN-7) 
and of the rat 0-actin (£-actin) detected are shown 20 
in Fig. 15A and 15B, respectively. On the upper 
portion of the blot, the cell line and the group are 
shown for each lane. On the left side of the blot, 
the positions of 28S and 18S ribosome RNAs con- 
tained in the RNA sample are indicated and the 25 
name of probes are indicated on the right side of 
the blot. The fact that the differences in the den- 
sities of the bands of rat 0-actin are small among 
all of the cell lines and groups (Fig. 15B) indicates 
that the amounts of the RNA samples placed in all 30 
lanes are almost uniform. Thus, the differences in 
the density of the bands of mRNA of HulFN~y (Fig. 
15A) reflect the differences in the expression levels 
of the HulFN-7 gene. 

As shown in Fig. 15A, mRNA of HulFN- 7 was 35 
detected as a single band in all of the cell lines 
except for the parent 3Y1 cell line. The positions of 
the bands are in the vicinity of the low molecular 
side of the 18S ribosome RNA, which are substan- 
tially coincident with the position of the band of the 40 
mRNA of IFN-7 of human lymphocyte reported by 
Gray (P.W. Gray et al., Nature (London), 295, 503- 
508 (1982)). As for 16, 17 and I26 cell lines, the 
expression levels of HulFN- 7 mRNA were about 
the same when the population density reached to 45 
confluency (3 x 10 6 cells/dish, group A). Further, in 
these cell lines, the expression levels of the HulFN- 
y when the cell growth was completely stopped by 
culturing the cells in 0%FCS-DMEM for additional 
48 hours (group B) were 1.5, 5 and 3 times those so 
of Group A. The expression level of HulFN- 7 
mRNA of I25 was low in both groups A and B, 
which were 0.2 and 0.3 times that of group A of 17 
cell line. 

The results of this section were coincident with 55 
the results of section (5)-3 (i.e., the HulFN- 7 pro- 
ductions by I cell lines are increased after the 
growth of the cells stopped). Therefore, it is appar- 



ent that the amount of the HulFN~y produced by I 
cell lines depends on the expression activity of FN 
enhancer and promoter. 

(5)-5 State of Existence of pF1900M DNA Intro- 
duced in I Cell Lines 



The states of existence of the pF1900M DNAs 
introduced into the I cell lines were analyzed by 
Southern blot hybridization method. Firstly, large 
genome DNAs were separated from 3Y1 , 16, 17, 125 
and I26 cell lines. The details of this procedure are 
as follows: 

3Y1 , 16, 17, I25 and I26 cells were cultured on 
plastic petri dishes with a diameter of 80 mm to a 
population density of 3 x 10 G cells/dish 
(confluency), the number of the petri dishes for 
each cell line being 10. The cells were then 
washed twice with 10 ml/dish of PBS-, and lysed 
with 1 ml/dish of a mixture of 10 mM Tris-HCI, pH 
7.4, 10 mM EDTA, 150 mM NaCI, 0.4 wt% sodium 
dodecyl sulfate (SDS) containing 1 mg/ml of bovine 
pancreas proteinase K (commercially available 
from Sigma) (Such a solution is hereinafter referred 
to as "proteinase K solution"). The cell lysate was 
collected to 50 ml plastic centrifugation tubes with 
screw caps and incubated at 60°C for 15 minutes 
and then at 37°C overnight while slowly inverting 
the dish. On the next day, 3 ml of a proteinase K 
solution containing 10 mg/ml of proteinase K was 
added to each centrifugation tube and the resultant 
was incubated at 60°C for 15 minutes and then at 
37°C for two nights while slowly inverting the dish 
so as to decompose the proteinous components in 
the cells. After the incubation, the cell lysate was 
extracted 6 times with a mixture of salt saturated 
phenol (ss-phenol): chloroform ( = 1:1) and twice 
with chloroform, and the water layer was separated. 
In the extraction operations, the liquid layers were 
gently mixed so that the large molecular DNAs are 
not cut. To the aqueous layer, 1/10 volume of 3 M 
sodium acetate pH7.4 and 2.5 volume of ethanol 
were added so as to precipitate the genome DNAs. 
The DNAs were scooped with a tip of Pipetteman 
and rinsed with 5 ml of 80% ethanol. After drying 
the DNAs in the air for 5 minutes, the DNAs were 
redissolved in 5 ml of a mixture of 10 mM Tris-HCI, 
pH 7.4 and 0.5 mM EDTA solution (TE) at 37°C. It 
took one night to redissolve the DNAs. Thereafter, 
100 ul of 10 mg/ml of ribonuclease A (RNase A) 
was added and the resultant was incubated at 37°C 
for one hour to decompose RNAs in the solution. 
The resultant was gently extracted with 5 ml of a 
mixture of salt saturated phenol: chloroform ( = 1:1). 
The aqueous layer was separated and re-extracted 
with chloroform. After separating the aqueous layer, 
0.5 ml of 3 M sodium acetate, pH 7.4 and 13 ml of 
ethanol were added thereto, and the mixture was 
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stirred. The precipitated DNAs were rinsed with 
80% ethanol and dried in the air for 5 minutes, 
followed by dissolving in 2 ml of TE to obtain a 
genome DNA solution. The DNA concentration was 
determined by measuring O.D. 260 of a solution 
prepared by diluting 50 nl of the DNA solution with 
TE to 1 ml and by calculating the DNA concentra- 
tion from the measured value (Y) according to the 
following equation: 

(DNA Concentration ug/ul) = Y x 50 x 20 + 1000 
(wherein 1 O.D. 260 unit = 50 ug/ml) 

The thus obtained large molecular genome 
DNAs were digested with restriction enzyme Bgl II 
and the state of existence of the pF1900M DNA 
introduced into the genome was analyzed by 
Southern blot hybridization method as follows: 

Forty micrograms each of the genome DNA 
solution of each cell line was completely digested 
with 80 units of Bgl II (commercially available from 
New England Biolabs) and the resultant was sub- 
jected to 0.5 wt% agarose gel electrophoresis in 
TBE buffer under an electric field density of 7.5 
V/cm for 4 hours (the distance of the bromphenol 
blue after the electrophoresis from the original po- 
sition (M B pb) = 15 cm). The separated DNAs were 
transcribed to a nylon membrane (Hybond N + , 
commercially available from Amersham) using an 
aspirative transcription apparatus (VacuGene, com- 
mercially available from Pharmacia-LKB) at an as- 
piration pressure (VP) of 40 mm H 2 0 to prepare 
Southern blot. 

The Southern blot was incubated in a hybrid- 
ization reaction solution (a mixture of 50 vol% 
formamide, 5 x SSC, 5 x Denhalfs solution, 0.5 
wt% SDS, 0.2 mg/ml heat-denatured herring sperm 
DNA) at 42°C for 4 hours. Then HulFN- 7 cDNA 
probe (1 x 10 9 cpm/ug) labelled with 32 P by the 
random primer method was added to 5 x 10 5 
cpm/ml. The resultant was then incubated at 42°C 
for additional 18 hours. The excess hybridization 
reaction solution attached to the Southern blot was 
removed by washing the blot twice in 2 x SSC at 
room temperature for 10 minutes, twice with 2 x 
SSC/0.1 wt% SDS at 42°C for 20 minutes, and 
once with 0.2 x SSC/0.1 wt% SDS at 42°C for 20 
minutes. The washed Southern blot was wrapped 
with Saranwrap (commercially available from Asahi 
Chemical Industry Co., Ltd.) and the amounts of 
the RNA molecules and their length with which the 
probes specifically hybridized were analyzed by 
using Bioimage Analyzer BAS2000 System 
(commercially available from Fuji Photo Film). 

The states of the existence of pF1900M DNA 
on the Southern blot are shown in Fig. 16. The cell 
lines from which the genome DNAs were extracted 
are indicated on the upper portion of the blot for 



each lane, and the positions of the DNA length 
markers electrophoresed in the same gel are in- 
dicated on the left portion of the blot. The arrow on 
the right portion of the blot indicates the position of 

5 the linear pF1900M DNA (the unit chain length of 
pF1900M DNA) prepared by cutting pF1900M at 
one site by Bgl II. 

For all of the cell lines except for the parent 
cell line 3Y1, the bands showing the specific hy- 

w bridization with the probes were observed. The 
number of the bands of 16, 17, I25 and I26 cell lines 
are 3, 6, 8 and 7, respectively. In these I cell lines, 
the band of the largest copy number indicate the 
unit chain length of pF1900M DNA, which is 6 

75 copies for 17 and 3 copies for other cell lines. 
These results suggest that the pF1900M DNA intro- 
duced in the parent 3Y1 cell line is inserted in the 
genome DNA of the cell maintaining substantially 
the full length. 

20 

(5)-6 HulFN- 7 Protein Produced by I Cell Lines 

Naturally occurring HulFN- 7 has a molecular 
weight of about 22 - 25 kd (Y.K. Yip, et al. f Pro- 

25 ceedings of the National Academy of Science USA, 
79, 1820-1824 (1982)), and the peptide portion 
thereof encoded by mRNA has a molecular weight 
of about 17.1 kd (P.W. Gray, et al., Nature 
(London), 295, 503-508 (1982)). The remaining 5 - 

30 8 kd is occupied by sugar chains attached to the 
peptide by N-glycosyl bond via aspargine residue. 
In order to compare the HulFN- 7 produced by I cell 
lines with the naturally occurring HulFN- 7 (reported 
data), the HulFN- 7 was separated from the culture 

35 supernatant by immunoprecipitation method, and 
analyzed by SDS-polyacrylamide gel elec- 
trophoresis. The details of the procedure will now 
be described. 

The immunoprecipitation method employed 

40 was a modification of the method of Harlow et al 
(E. Harlow, D. Lane (ed.), Antibodies; a laboratory 
manual, 421-470, Cold Spring Harbor Laboratory 
Press (1988)). As the HulFN- 7 cell lines, 16 and 17 
were employed, and the parent 3Y1 cell line was 

45 employed as a control. 

In petri dishes with a diameter of 50 mm, 3Y1, 
16 and 17 cells were cultured to 1.2 x 10 e cells/dish 
(population density of 6 x 10 4 cells/cm 2 , con- 
fluency), and then cultured overnight in 0%FCS- 

50 DMEM. The medium was discarded and the cells 
attached to the petri dishes were washed twice with 
PBS. Five milliliters of 0% FCS-EMEM (Eagle's 
minimum essential medium) containing no 
methionine and 59 ul (18.6 MBq) of 7.5 uM[ 3S S]- 

55 methionine (41 .8 TBq/mmol, New England Nuclear, 
Code No. NEG-072) were added to each dish and 
the cells were cultured at 37°C for 17 hours under 
5% CO2. To 1 ml of each culture supernatant, 4 u! 
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of normal rabbit serum was added and the mixture 
was incubated at 4°C for 6 hours. Then 4 ul of 
SAC (Staphylococcus aureus Cowan I) pellet was 
added to each mixture and the bacterial cells were 
well suspended. The mixture was incubated in ice 5 
for 40 minutes and then centrifuged at 12,000 x g 
at 4°Cfor 5 minutes to remove the precipitate. To 
each supernatant, 5 ul of anti-HulFN rabbit poly- 
clonal antibody (commercially available from 
Hayashibara Biochemical Laboratories, Inc., Code w 
No. PIF-3) (7 ug; 850 neutralization units) was 
added and the resulting mixture was incubated at 
4°C for 3 hours. To each resulting mixture, 20 ul of 
protein A beads (Affi-Gel protein A, commercially 
available from BioRad, Code No. 153-6153) was 75 
added and the resultant was gently rocked at 4°C 
for 40 minutes, followed by centrifugation at 10,000 
x g at 4°C for 15 seconds. After discarding the 
supernatant, the pellet was washed four times with 
1 ml of cold PBS- and the beads were suspended 20 
in 40 ul of a mixture of 0.2 M Tris-HCI, pH 7.8, 1 
wt% SDS and 100 mM of 0-mercaptoethanol. The 
suspension was incubated at 85°C for 10 minutes 
to dissociate the antigen-antibody complex from 
the protein A beads. The resultant was then cen- 25 
trifuged at 10,000 x g at room temperature for 15 
seconds and the supernatant was collected to ob- 
tain an immunoprecipitation sample of HulFN-7. 

An aliquote of the immunoprecipitation sample 
was treated with N-glycanase (peptide-N*-(N- 30 
acetyl-/S-glucosaminyl)asparaginemidase, an en- 
zyme which specifically cuts N-glycosyl bond, 
commercially available from Genzyme Co., Code 
No. 1472-00) to remove the sugar chains (F. Maley, 
et al., Analytical Biochemistry, 180, 195-204 (1989)- 35 
). 

Ten microliters of the immunoprecipitation 
sample was heated in boiled water for 5 minutes 
and then cooled in ice. To the resultant, 5 ul of 7.5 
vol% Nonidet P-40, 1.2 ul of 0.25 U/ul N-glycanase 40 
and 13.8 ul of water were added and the resulting 
mixture was incubated overnight at 37°C. On the 
next day, 30 ul of 2 x Laemmli's sample buffer (a 
mixture containing 2 wt% SDS, 10 vol% glycerol, 
100 mM dithiothreitol (DTT), 60 mM Tris-HCI, pH 45 
6.8 and 0.001 wt% of bromphenol blue (BPB)) was 
added and the resultant was boiled for 10 minutes. 
The resultant was subjected to 16% SDS- 
polyacrylamide gel electrophoresis (concentration 
gel: 4.83 wt% monoacrylamide/0.17 wt% bis- 50 
acrylamide/125 mM Tris-HCI, pH 6.8/0.1 wt% SDS; 
separation gel: 15.4 wt% monoacrylamide/0.53 
wt% of bis-acrylamide/ 375 mM Tris-HCI, pH 
8.8/0.1 wt% SDS; electrophoresis buffer: 25 mM 
Tris/250 mM glycine/0.1 wt% SDS, pH 8.3; elec- 55 
trophoresis conditions: 100 V, 6 hours). On the 
other hand, to 10 ul of the immunoprecipitate sam- 
ple which was not treated with N-glycanase, 10 ul 



of 2 x Laemmli's sample buffer was added and the 
resultant was boiled for 10 minutes. The resultant 
was used as a control. 

After the electrophoresis, the gels were im- 
mersed in fluorescent amplifying solution 
(EN 3 HANCE, Code No. NEF-981, commercially 
available from New England Nuclear) for one hour 
and dried at 70°C after washing with water. The 
gels were exposed to an X-ray film at -70°C for 2 
hours. 

The results are shown in Fig. 17. The im- 
munoprecipitation sample applied to each gel was 
as follows: Lane a; 3Y1 culture supernatant, lane b; 
17 culture supernatant, lane c; 3Y1 culture super- 
natant (treated with N-glycanase), lane d; 17 culture 
supernatant (treated with N-glycanase), lane e; 16 
culture supernatant (treated with N-glycanase), lane 
f; 16 culture supernatant (treated with N-glycanase). 
On the left portion of the drawing, the molecular 
weights of the marker proteins separated in the gel 
are indicated. On the right portion of the drawing, 
the assumed position of the naturally occurring 
HulFN-7 (M.W. about 22 kd; black arrow) and the 
assumed position of the naturally occurring HulFN- 
7 from which the sugar chains are removed (M.W. 
about 17.1 kd; white arrow). Since the proteins of 
the bands located at the arrows do not exist in the 
immunoprecipitation sample of the culture super- 
natant of the parent 3Y1 cells, they are apparently 
the products of HulFN-7 gene introduced in the I 
cells as pFl90Oy. 

These results indicate that the HulFN-7 pro- 
duced by 16 and 17 cells is a molecule which 
comprises 17.1 kd of the polypeptide to which 
sugar chains are attached via N-glycosyl bond, 
which shows overall molecular weight of 22 - 25 
kd. Therefore, it was proved that the HulFN-7 pro- 
duced by at least 16 and 17 cells is very similar to 
naturally occurring HulFN-7. 

Although the invention was described by way 
of a preferred embodiment thereof, it is apparent 
for those skilled in the art that various modifications 
can be made within the spirit and scope of the 
present invention. 

A recombinant vector by which a desired struc- 
tural gene may be expressed efficiently in mamma- 
lian cells cultured in serum-free or low-serum me- 
dium is disclosed. The recombinant vector of the 
present invention comprises a cloned DNA having 
an enhancer activity for fibronectin gene. 

Claims 

1. A cloned DNA having an enhancer activity for 
fibronectin gene. 

2. The DNA according to claim 1 , which is origi- 
nated from rat. 
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3. A recombinant vector comprising the DNA ac- 
cording to claim 1 operably linked to a pro- 
moter and a structural gene. 

4. A process for producing a gene product, com- 5 
prising the step of culturing mammalian cells 
transformed with the recombinant vector ac- 
cording to claim 3, and collecting the gene 
product produced by the expression of said 
structural gene. w 

5. The process according to claim 4, wherein the 
amount of said gene product is increased by 
culturing said mammalian cells in a serum-free 

or low-serum medium. 15 
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-140 
CCAAT 
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Exon 1 
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12L_ 



Exon 2 

+1480 ♦leoa 



-1908. 
Pcti 



-239 G10- stretch 
GGGGGGGGGG 

4136 
lp»ll 



-1079. 



-882. 



-746. 
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-564. 



-414. 
Oral 



-202. 



-2050 



-1079 
j3 rt -682. 
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-166_ 

Hul 
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Ajd I 
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Oral 



-882 -746 
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1 pF1900CAT 

2 pF1079CAT 

3 pF882CAT 

4 pF746CAT 

5 pF564CAT 

6 pF414CAT(GGG) 

7 pF202CAT 

8 pF166CAT 

9 pF154CAT 

10 pF123CAT (AGG) 

11 pFAa882CAT 

12 pFAa746CAT 

13 pFAa564CAT 

14 pFAa414CAT 

15 pFAa154CAT 

16 pFAa123CAT 

17 pFAb746CAT 

18 pFAb564CAT 

19 pFAc564CAT 



-239 
-414 
Oral 



-105 



-230 



-55 T] 



•94 

iGGGCGGG -44 



-2^ 



20 pFgGGCAT 

21 pFggGCAT 

22 pFgGgCAT 

23 pFgggCAT 




24 pFAgGCAT 

25 pFAGgCAT 

26 pFAggCAT 
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Relative CAT activity 



6.00 



j 

7.00 



F 
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pBR322 rep lication origin and EcoRIKmn 




fcttFN-157 Rat FN*m 



AGG GGJ CCG gGA CCC COG £G£ CJG CTG CTG_ CTA GCA, GTC CTG TGC 
CTG GGG ACA TCG GTG CGC TGC ACC GM A£C ££_£ AA£ AGC. AAG AGG 

CAG GCT CAG' ATCT -3' 
Rat FNt3li 

I 

Belli 

Rat FN secretion leader signal peptide sequence (r 1 98 t» -r 3/2^ 

Fi 9 . 8 
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PBR322 replication origin and 
ampicillin registant gene 



Psfl(76<tT) 



Ecoft|(8Mf; 
/Rstl,(20« / 




SV40 lTanH VP? 
polyadenvlation signals 



Eo>W(5534; 



Rat FN prnmnto,- - 

_L_nr EceR| ftJl| /r 

'Ec<*V(43UJ 



Bm«H|(751> 

^ SV40fT spli cing si gnal 



H'^ in ( 2 sjj; 

" Ba*Hl(334o; 
5V40 IT 

splicing si gnal x S\/40 Hand VPl 

polyadenvlation signals 



'S -CAGGACTTTTCCTGCAMAATTCGATATCAAGCTTCCACTCAAG ATG CTc' 
Kat FN-1W RatFNtllJ 

AGG GGJ CCG GGA CCC GGG CGG CTG CTG CTG CTA GCA GTC CTG TGC 
£15 GGG ^CA TCG GTG CGC TGC ACC GAA ACC GGG AAG AGC AAG AGG 
GAG GCT CAG ATCT -3" 
Rat FNtJH 

Rat FN secretion leader signal peptide sequence Ml* To t3/i) 
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PBR322 replication origin and 
ampicillin registant gene 



EcoRIC56«0J 
r Psil(2<K) 




5all (34 o$) 

P5tl^ Rat FN prnmntpr 



SV4Q IT 

polvadenvlation signals 
SV 40 IT splicing signal 



Bqlll(ltoo) 

fwaill 1 1120) 

toMUlix) 

Rat FN promoter 
r , "5*fnf to* l#t»f 

EcoW(2tJ7) 



Pstl Ecofel EcogV Hind III 

s-caggacttttcctgcaggaattcgatatcaagcttccactcaag atg ctc' 

Rat FN-U7 Rat 

MG GGJ CCG GGA CCC GGG £GG CTG CTG CTG CTA GCA GJT CTG TGC. 

HP OGC AC* TCC CTG CGC TGC ACC UA A£C GC_G AAG ACC AAG ACG 

£A£ ££J £AG' ATCT -3 1 
Rot FN +312 

B9III 

Rat FN secretion leader signal peptide sequence ( + t^t° 

F/>/o 
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SV/4-OITnndVPl 
polyadenylation signals 



pBR322 replication o rigin and 
anroicillin registant gene 



Pstf (206) 

^ B*wHU75T) 

bo(C?88) 

3V40 IT 
splicing signal 

MM (1533) 



Pstl(6055) 




Rat FN promoter 
-ZoSOmtp -882nt 

EcoRKSiW) 
B 9 III (5017) 

Rat FN promoter 
~5fc4m to ■» I36nt 



/Pstl(4323) 
/EcoRI(432l) 
r EcoRV(43l3) 
Hihdlll (4309) 



N x Hitid III (2393 ) 

i \\\pamHK334«) 

\ Mbol(3S7T)\ 

^V4 Q1T \ . 
splicing signal 

^SV40rfa n< lVPl 
polyadenylation signals 



B9HK4H9J 



Psd EcoRl EcoRV H.tvJKI 
I. I II. 

5 -CAGGACTTTTCCTGCAGGAATTCGATATCAAGCTTCCACTCAAG ATG CJC 

Rat FN- (37 Rat FN* (3? ~^ 

AGG GGT CCG GGA CCC GGG CGG CTG CTG CTG CTA GCA GTC CTG TGC 

CTG GGG ACA TCG. GTG CGC TGC ACC GAA_ ACC GGG AAG _AGC khG AGG 

CAG GCT CAG ATCT -3* 
Rat FN t31? 

B9MI (+I^Tot3l2) 
Rat FN secretion leader signal peptide sequence 



Ft 3 .ll 
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Fig. 13 
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A 

3Y1 16 17 125 126 

a b a b a b a b a~~b 

Ori. — 



28S — 

18S - N**M NH — IFN-y 

B 

28S — 

18S — — (3-actin 



Fig. IS 



31 

10/30/2007, EAST Version: 2.0.3.0 

■i 



EP 0 546 333 A1 



3Y 16 17 125 126 



kbp 
21.23 




2.32 : • ' ' 

2.02 — 



♦ 

Fig. 16 
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